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Fig. 2 Propagation model for optical 
mobile communication system. 
The signal delay can be neglected when the 
transmission speed is below 1 Mbps because 
the transmission distance is less than 20 m and 
the delay time is less than 70 ns if the 
permeability of the propagation medium is 
omitted. Under this assumption, the 





where R. 1s the threshold power for 
communication. 
Using Eq. (6), the c;ommunication angle is 
calculated for the positi0�s where you want to 
request commurrications> In addition, the 
distribution of communication angle can be 




To verify the validity of the simulation 
method, we compared the simulation results 
with the measured results. Figure 3 shows the 
experimental set-up. 
The room used for the experiment was. an
office, 6.3 m long 5.0 m wide, and 2.4/ m hl�h.
Three partitions, each 1.8 m high, weri plased 
in the room as shown in Fig. 3. T}ie w�frs,,p��xr, 
ceiling and partitions were assun:i·eci" tq ' be 
Lambertian reflectors. The .. c?ri.�ft¥R-� •. �ria
reflection coefficients are sun:iniarized in faole 
1. Table 1 also gives th�n�atg¥,�tkts J:i''.ihe
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Fig. 3 Experimental set-up 




optical communication system used for the 
experiment. 
The optical transmitter was._placed 1.5 m 
above the floor and rotated from O to 360 
degrees. The tilt angle of the transmitter was 
set so that the maximum· radiation angle 
agreed with the horizontal reference plane. The 
communication angle was obtained from the 
angle where the receiving optical power 
exceeded the threshold value. We measured 
108 points for the communication angle, at a 
height of 1.5 m, that were separated by 0.5 m 
from each other. The results are shown in Fig. 
4. 
The calculated results were obtained using 
Eq. (6) and the constants listed in Fig. 3 and 
table 1. The results are shown in Fig. 5. 
Comparing these figures, we can see that the 
overall distributions of the communicatiqn 
angle roughly correspond. To evaluate the 
results, we defined the average error.is 
100 N X �x E=-I. c; m; , 
N i=I Xe. 
I 
[%] (7) 
where x are the calculated results, x
m
. are 
the measu;�d results, and N is the numb'er of 
the measurement points. 
The average error was about 12% when the 
values for the measurement points were 
individually compared. This means that the 
calculation method presented in this paper can 
be applied to a simulation to determine the 
location of the fixed terminal and the 
directivity of the optical mobile communication 
Table 1 Exoerimental conditions 
Re fle ction 
coeffici en t 
Half-power 
angle 
Walls:white p ai nt and flat wrface 
Ce i ling: white pa int and flat surfa ce 
Floor: g-ay p ai nt and flat surface 
Partition: blown paint and flat surfa ce 
Tr ansmitter 
Receiver: 
Total emitted power: Pt (normalized value)
Threshold receiving power: Rs (normalized value) 
terminals. 
4. SIMULATION
First, we simulated the .. 
between the communication angle a
and the number of receivers. Figm; 
show the simulation results for tw 
receivers, respectively, using 
environment as in Fig. 3. 
We calculated the fraction of the.• 
the communication angle was 360 d 
one, two, and four optical receiver. 
was 4 7%, 83%, and 83%, 
Therefore, if two optical receivers 
this room, communication is pas 
everywhere in the room. 
5. CONCLUSION
We simulated the placement o 
terminal and the directivity of mobi 
The communication angle was pr 1 
parameter for evaluating the co 
area of an optical mobile co 
system. Our method of calculati:r/ 
ray-tracing technique gave resul 
error of 12% of the meas 
Simulation results indicate 
terminals are needed 
communications. 
In future work, the calculation me 
be extended to consider noise froni' 
light. 
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Fig. 6 Contour map of simulation 




Fig. 7 Contour map of simulation 
